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VARIABLE RELUCTANCE RESOLVER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority from Japanese Patent Application No. 

2002-226302 filed on August 2, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a variable reluctance resolver, and in 

particular to a variable reluctance resolver in which the effect of external magnetism on 

output voltage is small. 

BACKGROUND OF THE INVENTION 

[0003] A resolver is one type of a detection device for detecting the rotary 

positicm of _a stating machi ne su ch asa moto r or _a generator. Resolvers are widely 

used as rotary position detection devices for rotary machinery used under poor 

conditions, due to their ability to be used in harsher environments than encoders 

equipped with Hall elements or phototransistors. Resolvers of this type are typically 

disposed in positions adjacent to exciter coils such as motors or generators arrayed 

within a case. For that reason, electromagnetic noise generated by the excitation 

current which flows to the excitation coils in motors or generators can sometimes be 

superimposed onto the resolver stator excitation coils or output coils so that an accurate 

rotary position cannot be detected. 

[0004] One type of resolver is a variable reluctance resolver structured such 

that excitation coils and output coils are wound not on the rotor, but on the same 

multiple magnetic poles of the resolver stator, and multiple stator magnetic pole output 
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coils are serially connected to obtain a single output coil output. Such variable 
reluctance resolvers, as shown in Fig. 10, are provided with multiple stator magnetic 
poles 51 on the stator 5, multiple teeth 55 on the rotor 52, excitation coil 53, output coil 
54X which outputs the rotor X directional component, and the output coil 54Y which 
outputs the rotor Y axis component are wound on the same pole of the relevant stator 
magnetic poles 51. 

[0005] As shown in Fig. 11, the variable reluctance resolver Is used, for 

example, with the output coil 54X, which outputs the X directional component of the 

rotor 52, and the output coil 54Y, which outputs the Y directional component of the rotor 

52, connected to a resolver digital circuit 30, which produces a digital output 

corresponding to the resolver rotational angle. In said variable reluctance resolver, the 

relationship betwe en the axis multiple angle N (the cycle count for jhe output 

obtained in one revolution of the rotor 52), the area P (excitation pole pairs), the area Q 

(output pole pairs), and the slot (output magnetic pole) number S is expressed as 

shown below. In Expression 1, the amount ± is appropriately determined in accordance 

with the multiple angle N. 

N = (P±Q) (Expression 1) 

S = 2 * m * P (Expression 2) 

(m is an integer) 

[0006] In order to facilitate an understanding of the invention, an explanation 
is given below for a conventional variable reluctance resolver using Fig. 11. For the 
output of the output coil 54X, which outputs the rotor's X directional component when 
the direction of magnetization produced by the voltage induced at the output coil 54X by 
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the excitation coil 53 has the same direction of magnetization as the excitation coil 53, 

the voltage ENS induced on a selected one of the poles is as shown in Expression 3, 

where the A.C. voltage VP applied to the excitation coil 53 is Esinu) t. Here o) is the 

angular frequency, expressed as 2it. f is a frequency, and "a" and "b" are constants 

determined by the excitation coil 53, the output coil 54X, and the characteristics of the 

rotor and the stator. 

ENS = (a + bsin9) x Esino) t (Expression 3) 

[0007] When the direction of magnetization created by the voltage induced in 
the output coil 54X by the excitation coil 53 differs in direction from the excitation coil 53 
magnetization, the voltage ENN induced on a selected single pole is expressed by 
Expression 4. 

ENN = (-a + bsin0) x Esino) t (Expression 4) 

[0008] The relationship between the excitation coil 53 wound on a freely 
selected pole and the output coil 54X is as shown below. That is to say, the excitation 
coil 53 is wound in such a way that magnetic poles N and S occur alternately, one pole 
at a time, and the output coil 54X Is wound in such a way that the N pole and S pole 
occur as a bipole combination. In other words, when a first pole excitation coil 53 is an 
N pole, the first and second poles of the output coll 54X will be N poles, and the third 
and fourth poles will be S poles, which will be thereafter repeated. The same is true of 
the output coil 54Y. 
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[0009] When the first and second poles of an output coil wound in this 

structure are serially connected, the voltage generated by poles 1 and 2, V12, changes 

from Expressions 3 and 4 to Expression 5. 

V1 2 = (a + bsinG) x Esinco t + (-a + bsinQ) x Esinco t (Expression 5) 

[0010] Similarly, the voltage V34 in Expression 6 is generated by poles 3 and 

4. 

V34 = -(a + bsin 9) x Esinco t - (-a + bsinG) x Esino) t (Expression 6) 

[0011] Summarizing Expressions 5 and 6, the constant "a" term is canceled 

when adjacent poles are serially connected, and the voltages VI 2 and V34 as shown in 

Expression 7 are obtained. 

VI 2 = 2bsine x Esinco t = -V34 (Expression 7) 

[0012] Therefore in the case of a multiple of 2 poles, the constant "a" cancels 
when all pole output coils are serially connected, and the output coil 54X output voltage 
VS is given by Expression 8. Here, KK is a constant determined by the constant "b" 
("B") and the number of poles; with a number of poles NN. This is shown In Expression 
9. 

VS = KKsinG x Esinco t (Expression 8) 

KK = NN X B (Expression 9) 

[0013] Therefore, as shown in Expression 10, an output is obtained which 

corresponds to the change in the rotor rotational angle 0. 

VS = NN X B X sin0 x Esinco t (Expression 10) 
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[0014] Similarly, an output voltage for the output coil 54Y is obtained, each 
output is applied to the resolver digital circuit 30, and an angle is measured. 

[0015] As described above, the variable reluctance resolver obtained by 
winding an excitation coil and an output coil around the same pole of the stator, and 
connecting the output coils of multiple poles serially as the output of one output coil is 
used in both motors and generators, etc. When a magnetic field is applied from outside 
the resolver, there are frequent cases in which a magnetic flux caused by the external 
magnetic field mixes in with the aforementioned stator of the variable reluctance 
resolver. The external magnetic flux induces a voltage on each of the variable 
reluctance resolver stator coils; each of these is respectively added, generating an 
induced voltage on the output coil, affecting the output VS shown in Expression 10 and 

degrading the accuracy of the variable reluctanceTesolver. 

[0016] Below is explained the effect of the external magnetic flux on the 
variable reluctance resolver output coil using Figs. 12 through 14. In the variable 
reluctance resolver shown in Fig. 12, the excitation voltage causes a voltage of same 
polarity S to be induced on the output coil (not shown) wound on stator magnetic poles 
510 through 515 (referred to as the G1 output coil); another output coil (not shown) is 
wound on stator magnetic poles 516 through 521 (referred to as the G2 output coil) in 
order to induce a voltage having the same polarity N, different from the previous polarity 
S. Next, explained is the case in which an external magnetic flux O is introduced from 
the axial XO direction to the stator 5 within the variable reluctance resolver. The axis YO 
is the axis perpendicular to the axis XO. 
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[0017] As shown in Fig. 12, a voltage of tlie same polarity S is induced on the 
G1 output coil by the excitation voltage, and each output coil is wound in such a way 
that the same polarity N, different from the previous polarity S, is induced on the G2 
output coil. When an external magnetic flux O is mixed in from the axial XO direction, 
the directions of the external magnetic flux O operating on the left and right sides of the 
axis YO (the G1 output coil and 02 output coil) are mutually opposing directions. For 
02, an external magnetic flux O mixes in from the outer side of the stator 5; for 01 an 
external magnetic flux O mixes in on the inside of the stator 5, which is to say the tip of 
each stator magnetic pole. As a result, the 02 output coil is wound in such a way as to 
have the opposite polarity to the 01 output coil polarity, but the voltage induced on the 
01 and 02 output coils have the same polarity (N) and N, which are respectively added 
and output. In other words, all of the output wires are affected by external magnetic 
fluxes. 

[0018] The effect of external magnetic flux on the output coil in a variable 
reluctance resolver having an output coil with a number of fixed magnetic pole teeth 
different from Fig. 12, in which, as in Fig. 13, the axial multiple angle is 5 and the 
number of fixed magnetic poles is 20, is as shown below. In the variable reluctance 
resolver of Fig. 13, an output coil (not shown) is wound in such a way that a same 
polarity S voltage is induced on the output coil (called the group A output coil) wound 
around a pair of 2 adjacent stator magnetic poles (for example stator magnetic poles 
61 1 and 612) and a voltage of polarity N different from the group A output coil polarity S 
is induced on the output coil (called the group B output coil) wound around a group of 2 
stator magnetic poles adjacent to group A. As shown below, the group A output coil 
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and group B output coil are alternately wound, with 2 adjacent stator magnetic poles 
forming one group. 

[0019] The effect imparted on an output coil by the external magnetic flux (t> 
when an external magnetic flux O is mixed into the stator 5 from the axis XO direction 
(the horizontal direction between the stator magnetic poles 624, 625) in the variable 
reluctance resolver is now explained in connection with Fig. 13. Axis YO is 
perpendicular to the axis XO. As shown in Fig. 13, a same polarity S voltage is induced 
in each of the group A output coils by the excitation voltage applied to the excitation coil, 
and a voltage of same polarity N, different from the polarity S, is induced in each of the 
group B output coils. However, when the external magnetic flux O is introduced from 
the axis XO direction, the external magnetic flux cp directions on the left and right side of 
the axis YO are mutually opposing directions (on the left side of the axis YO, the external 
magnetic flux cD mixes in from the outside of the stator 5, and on the right side of the 
axis YO, the external magnetic flux O mixes in from the inside of the stator 5, which is to 
say from the tip of each stator magnetic pole). 

[0020] Therefore, the output coils are wound in such a way that the voltages 
induced in each output coil by the voltages applied to the excitation coil have the same 
polarity for each Group A output coil, and have the same polarity for each output coil in 
Group B within the applicable group, but for the induced voltage with respect to the 
external magnetic flux O, the direction of external magnetic flux with respect to the 
output coil is different between the left and right sides of the axis YO. In other words, 
the polarity of the induced voltage in the output coil wound on the right side of the axis 
YO reverses and becomes the opposite polarity (shown respectively by the letters (S) 
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and (N)). As a result, the induced voltages generated by the external magnetic flux <t> 
cancel one another out between the adjacent output coils on the same side as axis YO, 
or between the output coils positioned to mutually face the axis XO (for example, 
between the output coils 629 and 620 as indicated by the dotted line K). 

[0021] Meanwhile, the case when the external magnetic flux <t> is introduced 
into the stator 5 from an angle and axis XO direction (the horizontal direction between 
the stator magnetic poles 625, 626) that is different from the angle shown in Fig. 13 is 
shown in Fig. 14. That is, the induced voltage generated by the external magnetic flux 
<t> is not canceled between the adjacent output coils on the same side as axis YO, or 
between the output coils positioned to mutually face the XO axis, whereas the voltage 
Induced between the group A output coils (for example, between output coils 628 and 
629) do mutually cancel one another. However, the external magnetic flux <l> and the 
stator magnetic pole angle differ in said mutually canceling output coils (for example, 
between output coils 628 and 629), and therefore the proportion of external magnetic 
flux 0 mixing differs. As a result, the induced voltage remains within each group without 
being canceled. 

[0022] The winding is such that the voltages produced by excitation voltages 
applied to excitation coils have respectively opposite N and S polarities in output coils 
610, 621 and output coils 611, 620, but the directions of the external magnetic flux <t> 
which works on output coils 610, 621 and output coils 611, 620 are respectively 
reversed, since the external magnetic flux $ direction is reversed. As a result, the 
output coils 610, 621 and 611, 620 have the opposite polarities N, S, but the voltages 
excited in both coils respectively each take on the same polarity N (N); each is 
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respectively added together, and the output coils 610, 611, 620, 621 (the output coils 
outlined by reference numeral K1) directly receive the effect of the external magnetic 
flux. 

[0023] In other words, as shown in Fig, 13, voltages of the same polarity S are 
induced on a selected group of output coils, taking 2 adjacent stator magnetic poles as 
one group, and in the variable reluctance resolver, in which output coils are alternately 
wound in such a way that voltage[s] of the same polarity N, different from said polarity 
S, are induced in the output coils in another group adjacent to said selected group, the 
degree of effect therefrom is different according to the direction from which the external 
magnetic flux O mixes. 

[0024] Various magnetic shields for magnetic shield placement on various 
parts are disclosed in order to resolve the negative effects arising from external 
magnetic fields received by said resolver. For example, there is the invention disclosed 
in Laid Open Patent Publication 2001-191931, in which the motor stator and the 
resolver stator are affixed within the same housing, and a hollow, disk-shaped magnetic 
shield part is disposed between said motor stator and said resolver stator. 

[0025] However, said magnetic shield requires a shield part with low magnetic 
resistance. Such shield materials are expensive, and shielding the variable reluctance 
resolver causes the device to increase in size. Furthermore, it is necessary to know the 
direction of the external magnetic flux and to place the magnetic shield where it will be 
effective, but there are many cases in which it is difficult to determine said effective 
position. At the same time, if a magnetic shield is not provided, the effect of external 
magnetic flux will be received by all the output coils in output coils such as shown in Fig. 

9311226.2 Q 



12, and, in output coils such as shown in Fig. 13, and problems will arise such as 
different output coils receiving the effect due to the direction in which the external 
magnetic flux mixes. 

SUMMARY OF THE INVENTION 

[0026] An object of the present invention is to resolve problems in the prior art 
resolvers by providing a variable reluctance resolver equipped with an output coil with 
reduced susceptibility to the effects of external magnetic flux. 

[0027] Another object of the present invention is to provide a variable 
reluctance resolver that eliminates the effects of external magnet flux by having output 
coils wound such that the polarities of output voltages on the output coils wound around 
3 or more stator magnetic poles are the same and all of the output coils are divided into 
an-even number-of groups. 

[0028] Accordingly, a variable reluctance resolver is provided having multiple 
stator magnetic poles having resolver exciter coils and resolver output coils, which 
respectively output the X component and Y component of a rotary angle in accordance 
with the rotation of a rotor, wherein the resolver output coils are wound such that the 
output voltage polarities of output coils wound around at least 3 adjacent stator 
magnetic poles are the same, all the resolver output coils are divided into at least 2 or a 
greater even number of groups, and resolver output coils within each of the at least 2 or 
a greater even number of groups are connected in series such that output voltage 
polarities of adjacent groups differ with respect to one another. 
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[0029] In a further aspect, each group has outermost output coils and output 
coils between the outermost output coils and the number of turns of each of the 
outermost output coils is less than the number of turns of the output coils in between to 
thereby reduce the effect of external magnetic flux. 

[0030] In a further aspect, the variable reluctance resolver has an axis 
multiple angle of 7, an excitation pole pair count of 5, an output pole pair count of 2, and 
a stator magnetic pole count of 20, wherein all output coils are divided into 4 groups, 
one group includes output coils wound around 5 adjacent stator magnetic poles such 
that the polarity of output voltages in the group is the same, and the output coils in each 
of the four groups are serially connected so that the output voltage polarities of adjacent 
groups are different. 

[0031] Further features and advantages of the present invention will become 
evident to one skilled In the art upon reading of the detailed description of the invention, 
which is given below by way of example only and with reference to the accompanying 
drawings, and the scope of the invention will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] For a fuller understanding of the invention, reference is made to the 
following description, taken in connection with the accompanying drawings, in which: 

[0033] Fig. 1 is a diagram depicting the polarity of output coils In the variable 
reluctance resolver of an embodiment of the present invention; 

[0034] Fig. 2 is a diagram depicting the effects of external magnetic flux on 
the variable reluctance resolver output coils in an embodiment of the present invention; 
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[0035] Fig. 3 is a diagram depicting the effect of external magnetic flux on the 
output coils when the angle at which external magnetic flux is introduced differs from the 
angle shown in Fig. 2; 

[0036] Fig. 4 is a diagram depicting the effect of external magnetic flux on the 
output coils when the angle at which external magnetic flux is introduced differs from the 
angle shown in Fig. 3; 

[0037] Fig. 5 Is a table showing the relationship between the axis multiple 
angle, the number of excitation pole pairs, the number of output pole pairs, and the 
number of slots in a variable reluctance resolver according to an embodiment of the 
present invention; 

[0038] Fig. 6 is a diagram depicting the necessity for having two (2) or a 
greater even number of groups according to an embodiment of the present invention; 

[0039] Fig. 7 is a diagram depicting the effect of external magnetic flux on the 
output coils when the angle at which external magnetic flux is introduced differs from the 
angle shown in Fig. 6; 

[0040] Fig. 8A shows the stator magnetic pole numbers; 

[0041] Fig. SB shows the number of excitation coils wound around the stator 
magnetic poles shown in Fig. 8A; 

[0042] Fig. 8C shows the number of output coils wound around the stator 
magnetic poles; 

[0043] Fig. 9 is a graph comparing the performance of the embodiment shown 
in Fig. 8 to a conventional variable reluctance resolver; 
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[0044] Fig. 10 is a diagram depicting a conventional variable reluctance 
resolver; 

[0045] Fig. 11 is a diagram showing the conventional variable reluctance 
resolver in use; 

[0046] Fig. 12 is a diagram showing the polarities of voltages produced in 
output coils wound around multiple stator magnetic poles formed on the stator of a 
conventional variable reluctance resolver; 

[0047] Fig. 1 3 is a diagram depicting the effect of external magnetic flux on 
output coils wound around stator magnetic poles different in number from that shown in 
Fig. 12, formed on a conventional variable reluctance resolver stator; and 

[0048] Fig. 14 is a diagram depicting the effect of external magnetic flux on 
output coils when the angles of external magnetic flux introduction differ. 

DETAILED DESCRIPTION 

[0049] For ease of understanding, the variable reluctance resolver shown in 

Fig. 1 of a preferred embodiment is described, in which the axial multiple angle is 7, the 

number of excitation pole pairs is 5, the number of output pole pairs is 2, and the 

number of stator magnetic poles is 20. Like the stator shown in Fig. 13, the stator 5 in 

Fig. 1, has 20 stator magnetic poles 610 through 629 formed on the stator 5, but the 

configuration of the output coils wound around the stator magnetic poles differs as 

follows. First, explained is the polarity of the output coils. 

[0050] In Fig. 1, the stator magnetic poles 610 through 614, 615 through 619, 

620 through 624, and 625 through 629 are respectively divided into 4 groups: Group 1 
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(G1), Group 2 (G2), Group 3 (G3), and Group 4 (G4). In each of these groups, winding 
is done such that within G1 , G2, G3, and G4 the polarity of the output voltages of each 
said output coil (not shown) will be the same due to the excitation voltage, and each is 
respectively serially connected. Also, the output voltages of the output coils 
respectively serially connected within G1 and G3 will output a same polarity S voltage 
due to the excitation voltage. Similarly, the output voltages of the output coils 
respectively serially connected within G2 and G4 will output a voltage of polarity N 
opposite to said G1 and G3 due to the excitation voltage. 

[0051] As described above, there are respectively 5 stator magnetic poles 
within each of the groups (G1, G2, G3, G4), and the number of turns of the output coils 
positioned on the outsides of each of the adjacent said groups is smaller than the 
number of turns of the output coils positioned to the inside of said outside stator 
magnetic poles. For example, in the group G1, the number of turns of the output coils 
wound around the outside stator magnetic poles 610 and 614 positioned adjacent 
groups G4 and G2, respectively, is fewer than the number of turns of the output coils 
wound on the stator magnetic poles 61 1 and 613 positioned to the inside of said stator 
magnetic poles 610 and 614. Similarly, the number of turns of the output coils wound 
around the stator magnetic poles 61 1 and 613 adjacent G4 and G2 is smaller than the 
number of turns of the output coils wound around the stator magnetic pole 612 
positioned to the inside of said stator magnetic poles 611 and 613. The same is true 
below with respect to G2, G3, and G4. By thus making the number of turns of the 
output coil positioned on each adjacent said group smaller than the number of turns of 
the output coil positioned to the inside of said stator magnetic pole within the relevant 
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group, the output voltage shown in Expression 10 due to the excitation voltage becomes 
smooth, and the accuracy of the variable reluctance resolver is improved. 

[0052] The effect of external magnetic flux O on the output coils of the 
variable reluctance resolver wound as described above is explained using Figs. 2 
through 4. Fig. 2 explains the case in which external magnetic flux <t> from outside the 
variable reluctance resolver stator 5 is mixed into stator 5 from the axis XO direction (the 
horizontal direction between stator magnetic poles 624, 625). Axis YO is perpendicular 
to axis XO. 

[0053] As shown in Fig. 2, voltages of the same polarity S are induced in the 
G1 and G3 output coils by the excitation voltage applied to the excitation coils, and a 
polarity N voltage different from said polarity S is induced on the G2 and G4 output 
coils, so the induced voltage from the external magnetic flux O works similarly. In other 
words, in G4 and G3 the external magnetic flux <t> mixes in from outside of stator 5, and 
in G1 and G2 the external magnetic flux O mixes in from the inside of stator 5, which is 
to say the tip of each stator magnetic pole. The output coils are wound in such a way 
that voltages induced in each output coil have the same polarity S for each G1 and G3 
output coil, and have a polarity N (opposite to the polarity S of G1 and G3) for each of 
the output coils in G2 and G4, but there is a difference between the left and right sides 
with respect to the external magnetic flux O. That is to say, the polarity of the output 
coil wound on the right side of axis YO reverses and takes the opposite polarity (shown 
by the letters (S), (N) respectively). As a result, the voltages induced in the G1 and G3 
output coils and the G2 and G4 output coils are mutually canceled between the output 
coils positioned so as to be mutually facing with respect to the center of the stator 5. 
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[0054] In Fig, 3, an example in which an external magnetic flux O is mixed 
into the stator 5 from a different direction to Fig. 2 (the horizontal direction between 
stator magnetic poles 625, 626) is shown. That is, using axis YD as a dividing line, the 
direction in which the external magnetic flux <t> works on the output coil to the left and 
right is the opposite direction. Therefore the voltage induced in the output coil by the 
external magnetic flux O reverses on the right side, taking axis YD as a dividing line 
(respectively shown by the legends (S), (N)). As a result, the voltages induced in the 
output coil cancel one another between the output coils positioned so as to mutually 
face one another centered on the stator 5 (for example, the output coils wound around 
the stator magnetic poles 629 and 619 shown by the letter K). Similarly, the voltages 
induced between the output coils wound around the stator magnetic poles 614 and 624 
also cancel one another out. The same is true for other output coils. In other words, 
even if an external magnetic flux O mixes in from a given angle, there is always an 
output coil in which the induced voltage is canceled. 

[0055] In Fig. 4, an example in which an external magnetic flux O is mixed 
into the stator 5 from an angle or direction differing from Figs. 2 and 3 (the horizontal 
direction between stator magnetic poles 626, 627) is shown. That is, taking axis YD as 
a dividing line, the direction of the external magnetic flux <t> which works on the output 
coils on the left and right side thereof is the opposite direction. Regarding voltages 
induced in the output coils, while the G1 and G3 output coils have the same polarity S, 
and the G2 and G4 output coils have a different polarity N, the output coil polarity on the 
right side of axis YD, similar to what is described above, has the opposite polarity due to 
the external magnetic flux <t> (respectively shown by letters (S), (N)). As a result, 
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voltages induced by the external magnetic flux 0 cancel one another in the output coils 
positioned in mutual opposition with respect to the center of stator 5 (for example, 
between the output coils wound around the stator magnetic poles 629 and 619, or 
between the output coils wound around the stator magnetic poles 614 and 625, 
indicated by the letter K). In other words, even if an external magnetic flux <t> mixes in 
from the relevant angle, in one of the output coils there is always an output coil in which 
the induced voltage is canceled. 

[0056] As is shown in Fig. 1 , due to the winding of the output coils there is 
always an output coil in which induced voltages are canceled, no matter from which 
direction the external magnetic flux is introduced, so that even if the external magnetic 
flux <t> and the stator magnetic pole angles differ in said mutually canceling output coils, 
the induced voltages will mutually cancel due to the output coils (having the same 
number of turns) positioned symmetrically with respect to the stator 5 center. As a 
result, even if the angle at which the external magnetic flux O mixes in differs due to the 
stator magnetic pole, or the proportion of external magnetic flux 0 differs according to 
output coil due to differences in magnetic circuit magnetic resistance, or the variable 
reluctance resolver is provided with output coils having numbers of turns different from 
above, the induced voltages will be canceled. 

[0057] Fig. 5 explains the case in which, the output coils are wound around a 
row of 3 or more stator magnetic poles so that the output voltages have the same 
polarity, all the output coils are divided into 2 or more groups, and output coils are 
respectively serially connected so that the aforesaid adjacent group output voltages 
polarities mutually differ, with (O) showing the case where induced voltages are 
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canceled, and (X) the case where they are not. In other words, it explains the necessity 
of division into 2 or a greater even number of groups. 

[0058] Using the relationship between axis multiple angle N, the number of 
excitation pole pairs P, the number of output pole pairs Q, and the number of slots 
(output magnetic poles) S shown in Expressions 1 and 2, the case in which axis multiple 
angle N = 7 is explained. Using Expressions 1 and 2, P, Q, and S are determined such 
that 7 = (P±Q). However, said ± amount is appropriately determined by the axis 
multiple angle N. When the number of output pole pairs Q is an even number, there are 
always output coils that mutually cancel, and therefore the induced voltages are 
canceled (shown by "O"). However, when the number of output pole pairs Q is odd, 
there are cases in which, depending on the angle at which the external magnetic flux <t> 
mixes, there are no output coils that mutually cancel, and the induced voltage will 
continuously not be canceled (shown by the "X"). For example, in the case of N = 7, P= 
4, Q = 3, and S = 8k, which is to say the case in which the number of output pole pairs 
Q is odd, the fact that the induced voltage is not canceled is explained using Fig. 6. 

[0059] In Fig. 6, rows of four stator magnetic poles 710 through 713, 714 
through 717, 718 through 721, 722 through 725, 726 through 729, and 730 through 733 
are respectively divided into 6 groups, Group 1 (G1), Group 2 (G2), Group 3 (G3), 
Group 4 (G4), Group 5 (G5), and Group 6 (G6) so as to satisfy Expressions 1 and 2. In 
each of the aforesaid groups, each output coil not shown is wound such that in groups 
G1 , G2, G3, G4, G5, and G6 the polarity of the output voltage in each output coil due to 
the excitation voltage applied to the excitation coil will be the same, and each is 
respectively serially connected. Also, the output voltage of the output coils respectively 
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serially connected in each of the aforementioned G1, G3, and G5 will output a same N 
polarity voltage. Similarly, the output voltages of the output coils respectively serially 
connected in each of G2, G4, and G6 have the same polarity, and output an S polarity 
voltage opposite to the aforementioned G1 , G3, and G5. 

[0060] Fig. 6 explains the case in which an external magnetic flux O is 
introduced from outside the variable reluctance resolver stator 5 to the stator 5 from the 
axis XO direction (the horizontal direction between the stator magnetic poles 729, 730). 
Axis YD is perpendicular to axis XO. As shown in Fig. 6, the winding is such that 
voltages of the same polarity N are induced in the G1, G3, and G5 output coils by the 
excitation voltage, and voltages of polarity S, different from the aforementioned N 
polarity, are induced in the G2, G4 and G6 output coils. However, an extemal magnetic 
flux 0 is intj;qduced[from^outsjdejhe sta^^ side of axis YO^arid an externa]^ 

magnetic flux O is introduced from the inside of the stator 5, which is to say the tip of 
each stator magnetic pole, to the right side of axis YO. As a result, the voltage induced 
on each output coil differs between the left and right sides of the axis YO with respect to 
the external magnetic flux <t>. In other words, the polarity of the output coil wound 
around the right side of the axis inverts due to the external magnetic flux O and acts so 
as to generate an induced voltage of opposite polarity (shown respectively by (S) and 
(N)). As a result, the aforementioned induced voltages cancel one another between the 
output coils positioned so as to mutually oppose one another at left and right with 
respect to the axis YO (for example, the output coils wound around the stator magnetic 
poles 728 and 719 shown by letter K). 
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[0061] However, as shown In Fig. 7, an example in which the external 
magnetic flux <l> is introduced to the stator 5 from in a direction different from the angle 
shown in Fig. 6 (the horizontal direction between the stator magnetic poles 723, 724) is 
described. Similar to the previous example, in the output coils wound around the stator 
magnetic poles 710 through 715, 720 through 727, and 732 through 733, output coils 
are present which mutually cancel one another due to the stator magnetic poles as 
indicated by the dotted lines, but for the output coils wound around 71 6 through 71 9 and 
728 through 731 and identified by the dotted lines E, there are no mutually canceling 
output coils, and the induced voltages caused by the external magnetic flux 0 are 
respectively added. 

[0062] As shown in Fig. 5, when the number of output pole pairs Q is 3 (odd), 
there are cases iri whjch jhere are nojmutL^aJly can^^ 9?!L^_^1^®J9 ?!?®_^9|?_^* 

which the external magnetic flux O Is introduced, and induced voltages are not 
canceled. For the case in which N is 7 and P, Q are 4, 3, Expression 1 is satisfied but 
Expression 2 is not satisfied, as S = 8k. In this case, the variable reluctance resolver 
cannot be realized, and is beyond the scope of consideration. In the case in which P 
and Q are respectively 14 and 7, and the number of slots S is 28k, a variable reluctance 
resolver with an N of 7 can be realized. However the number of slots S is large at 28k, 
which is not practical when the difficulty and cost of manufacturing are considered. In 
this case the number of adjacent stator magnetic poles is 2; each has respectively the 
same polarity, and the output coils on the 2 stator magnetic poles for smoothing the 
output voltage shown in Expression 10 have the same number of turns. 
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[0063] Embodiments of the variable reluctance resolver of the present 
invention are explained below. For the present embodiment, the stator magnetic pole 
number and specifications for the excitation coil and the output coil wound thereon are 
shown in Fig. 8. In the figure, + or - indicates the polarity of the voltage produced by the 
coil. In the present embodiment, the multiple angle N, number of excitation pole pairs 
P, number of output pole pairs Q, and number of slots (output magnetic poles) S are 
respectively 7, 5, 2, and 20. Excitation coils are respectively wound around each stator 
magnetic pole 39 times so that the polarity of the output voltage on the excitation coil 
wound around the 2 unit (for example stator magnetic pole numbers 1 and 2) stator 
group of multiple adjacent stator magnetic poles is the same (-), and the output voltages 
from the group of excitation coils adjacent to the aforementioned group of excitation 
coils (stator magnetic pole numbers 3, 4 and 19, 20) have respectively different 
polarities (+) as shown in Fig. 8(b). The group adjacent to the said multiple stator 
magnetic pole Is not limited to 2 in number; it need only be such that the number of 
excitation pole pairs P is 5. 

[0064] In Fig. 8(c), the output coils are wound so that, as shown in Fig. 1 , the 
polarities of the output voltage of the aforementioned output coils wound around a row 
of 5 stator magnetic poles are the same; taking the output coils for which the 
aforementioned output voltage polarities are the same as one group, all of the output 
coils are divided into 4 groups G1 , G2, G3, and G4. Output coils in the same group are 
respectively serially connected so that the aforementioned adjacent group output 
voltage polarities mutually differ. In Fig. 8(c), G1 consists of stator magnetic pole 
numbers 1-5, G2 consists of pole numbers 6-10, G3 consists of pole number 11-15, and 
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G4 consists of pole numbers 16-20. Also, the number of turns of the output coils wound 
around the stator magnetic poles positioned on the side of each of the adjacent 
aforementioned groups is fewer than the number of turns of the output coils wound 
around the stator magnetic poles positioned on the inside of the aforementioned stator 
magnetic poles within the relevant group. For example, as shown in Fig. 8(c) for the 
stator magnetic pole numbers 1, 2, 3, 4, 5, the number of turns are 72, 189, 234, 189, 
and 72, respectively. 

[0065] Fig. 9 shows a comparison of characteristics between the conventional 
variable reluctance resolver shown in Fig. 12 and the embodiment of the present 
invention shown in Fig. 8. The induced voltage produced in the output coil by the 
external magnetic flux along the vertical axis and the change in frequency of the 
aforementioned external magnetic flux on the horizontal cixis are respectively shown by 
the reference numbers i and ii. As is clear from Fig. 9, the induced voltage caused by 
external magnetic flux according to the variable reluctance resolver of the present 
invention is reduced to approximately 1/1 0th compared to a conventional variable 
reluctance resolver. A known magnetic shield may be applied to the variable reluctance 
resolver of the present invention, which of course would result in a further diminution of 
the effects of external magnetic fields. 

[0066] According to the variable reluctance resolver of the present invention, 
output coils wound in such a way that the voltages of output coils wound around a row 
of 3 or more stator magnetic poles have the same polarity are taken to be a single 
group. All the output coils are divided into an even number of groups, 2 or more, and 
output coils are respectively serially connected so that the aforementioned adjacent 
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group output voltage polarities mutually differ. By making the number of turns of the 
output coils wound around the stator magnetic poles positioned on the side of each 
adjacent group smaller than the number of turns of the output coils wound around the 
stator magnetic poles positioned on the inside of the aforementioned stator magnetic 
poles in the relevant group, the effect of external magnetic flux introduced from outside 
can be reduced. There is also little effect with respect to the direction of the introduced 
external magnetic flux. As a result, it becomes acceptable to eliminate the magnetic 
shield conventionally required, or to use a simple magnetic shield or, by using a shield, 
to improve performance in comparison with a conventional variable reluctance resolver. 
It is also possible to achieve a variable reluctance resolver with smooth output voltage 
change and high precision. Furthermore, the effect of external magnetic flux introduced 
frqrri outside can be reduced even with a srnaN n^jmber of stator magnetic pojes, nr>aklng 
the variable reluctance resolver easier to manufacture and permitting costs to be 
reduced. 

[0067] While particular embodiments of the present invention have been 
described, it will be apparent to those skilled in the art that changes and modifications 
may be made without departing from this invention in its broader aspect and, therefore, 
the appended claims are to encompass within their scope all such changes and 
modifications that fall within the true sprit and scope of this invention. 
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